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INTRODUCTION
Casual observation and industry level data suggest that in many developing countries, industry structure exhibits a common pattern. There is great variation in size of firm. Large firms seem to be more capitalintensive, to pay higher average wages and to have more favorable access to investment funds than small firms.
Given the high tmemployment in most developing countries, and the desire of governments to encourage investment with high employmentgenerating impact, this structure is of obvious policy significance. However, casual observation has often proved misleading in the past in developing countries, and industry level statistics can be difficult to interpret. The measures of output, capital and labor are generally weak, and the level of aggregation is high. Thus, it could be argued that the phenomenon does not really exist. Since heterogeneous products are being aggregated together in one industry, and the measure of labor does not allow for differences in skill level, it could be that the industry statistics are really aggregating together a series of different industries, with different production functions. There is a representative firm in each of the industries which uses a different combination of skilled labor, unskilled labor. and capital, and is of a different scale.
Thus one might ask, does the pattern described above really exist at the microeconomic level within a more narrowly specified industry. If so, what is the relationship among size, capital-intensity and the structure of capital and labor markets, such that this pattern is produced.
In this paper, we present evidence from a micto-level study of one industry in one developing country: the clay brick industry in Colombia.
The paper is based on survey data from an interview study of individual firms and on secondary sources on the structure of Colombian labor and capital markets. We find that there is great variation in technology choice across firms and capital-intensity is correlated with the size of firm. Evidence is presented on the existence of structural imperfections in the labor and capital markets. A simple analytical model is used to show that these imperfections are consistent with the patterns of technology choice observed.
CHARACTERIZATION OF TECHNOLOGY CHOICE
The main processes in the production of clay bricks are the excavation and preparation of the clay, the forming and drying of the raw bricks, and the firing of the bricks in kilns. For each process, there is a variety of alternatives available, from purely manual to highly mechanized.
After preliminary factoryvisits and discussion with local industry experts, the Colombian industry was divided into eight major categories of technology choice, based on the major alternative choices observed in the forming, drying and firing processes: (The choices are arranged here from most to least capital-intensive, within each process). A brief description of the alternatives:
The simplest method of forming bricks is by hand in simple wooden molds.
In the extrusion process, the bricks are extruded by machine as a column of clay which is then cut with a wirecutting machine. A denser, stronger product can be made by removing some of the air from the bricks during extrusion, using a more complex machine. In the semi-dry process, much of the moisture in the clay is artifically removed first and the clay is then pressed by machine.
The most common drying method in Colombia is to store the bricks in sheds, which are open at the sides and covered on top, until the bricks dry naturally. In a chamber dryer, hot air is circulated around the formed bricks. The tunnel dryer is a continuous process dryer, in which bricks move on cars through a tunnel as warm air is passed over them.
Firing the bricks in intermittent kilns is a batch process. The bricks are placed in the kiln, fired, allowed to cool and then removed from the kiln. The Hoffma~n kiln transforms the firing into a continuous process. It is composed of a series of individual chambers. The fire is moved from one chamber to the next and the bricks are continually loaded and unloaded in sequence as the fire moves and each chamber cools. The tunnel kiln also involves a continuous firing process, but the fire is stationary and the product aoves through the kiln on cars.
-4- However the products are much closer substitutes than in broader industry classifications and no category produces a product which has no close substitute produced by some other category.
In the survey, each firm was classified into one of the eight categories. Then capital-labor ratios were computed for categories 2 to 8 from detailed data gathered from one or two representative plants in each category and from other industry sources such as capital goods importers. The capital figure was the approximate cost in Colombian pesos 1 of purchasing plant and equipment new in 1975 plus the costs of construction in 1975 (kilns, drying sheds, and simple factory shelters). Labor was the number of full-time production workers employed per month. In Table 1 . the categories are numbered from most to least capital-intensive.
This procedure could not be used for category 1, which consists of a single firm using a sophisticated capital-intensive process and producing on an extremely large scale. This firm refused to cooperate with the study, and can therefore be incorporated in the analysis only.to the extent that information about it is available from other sources.
Although a capital-labor ratio could not be computed, there is no doubt that this category is the most capital-intensive. .001
The factory in category 1 is known to be the largest brick factory in Colombia; therefore, its inclusion would strengthen the result.
WAGE VARIATIONS ACROSS SIZE OF FIRM
As expected, average production wages were found to increase with size of firm. In this section, we discuss some of the possible reasons 2) The productivity of workers may vary across firms because of a difference in turnover rates. The firm may have a choice ai:oong various combinations of turnover rates and wage rates, with a tradeoff between wages and marginal productivity caused by the effect of the turnover rates on the stability of the labor force. Large firms may have chosen 4 the higher wage, lower turnover option to a greater extent than small firms.
3) Large firms may be paying higher wages in order to obtain a more skilled labor force. According to local brick industry experts, there is little difference in skill level required for the different types of jobs in the factory, across categories or within an individual firm. Workers are usually rotated from one job to another within the factory. In the survey, most of the employers said that they were willing to hire inexperienced workers and to the extent that there was any variation by technology category and size of firm, it was the smaller, less capital-intensive 5 firms that were unwilling.
4) The labor market may be segmented into geographical regions by mobility cost~ variations in minimum wage legislation or variations in the cost of living. Finn size and location may be correlated in such a way that large firms tend to be located in higher wage areas.
In Colombia, there is a minimum wage, and it varies regionally. However, the variation is between rural and urban areas, and all of the firms in the sample were located in areas designated urban. ( Detailed labor force data was available for 42 firms. To examine the influence of the above factors statistically, regressions were run relating the difference between a firm's average production wage and the average for the sample to variables measuring education, experience, turnover rate, degree of unionization and size of firm as well as variables for geographical region, all in logged and unlogged form. None of these variables was significant except size of firm. Education, experience and turnover frequently entered with the wrong sign. Size was generally significant and the magnitude of the effect was substantial. Size was measured by total employment, and by capacity output. When included together, employment became insignificant and the effect of size seemed to be measured best by capacity output.
The regressions were also run with dummy variables for the individual categories included in addition to size. These were not generally significant. Table 2 gives some of the final regressions.
Average production wage was computed including only those workers paid wages. Since the employment of family members, not subject to laws with respect to minimum wages and fringe benefits, is more important in We conclude that wage rates do increase with size ef firm and the effect depends on the size of firm as measured by capacity output. The wage differential does not merely reflect a difference in the productivity of the workers, to the extent that we have succeeded in measuring potential differences in terms of education, experience and stability. It does not reflect a difference in the attractiveness of the job, since the dummy variables on category were insignificant, and in any case, that factor would tend to operate in the opposite direction.
Unionization was not significant in the regressions, but we think that it is more important in determining the outcome than this result suggests. Firms which are not tmionized still have to worry about becoming unionized. According to qualitative statements in the interviews, firms frequently pay higher wages in order to avoid unionization. There are no union shops; workers are not required to belong to the union. The variable
-12-measuring unionization is the percentage of workers who belong, and workers will be less likely to join if they are already satisfied with wages. The likelihood of unionization is greater for the larger firms, especially given the flat rule which sets a minimum number of members for the union.
The fact that wages increase with size of firm would, by itself, imply that the longrun cost curve for any prospective entrant would be such that larger output would be associated with greater capital-intensity. However, this does not explain the long term coexistence of large and small firms.
We turn now to variations in capital access across firms, and argue that the structure of the Colombian capital market is sufficient to explain this coexistence.
VARIATIONS IN CAPITAL ACCESS ACROSS SIZE OF FIRM
It is frequently argued that large firms have more favorable access to capital than small firms since they are better credit risks.
One might say that the rental rate on capital paid by the firm is a decreasing fllllction of output, just as the wage rate is an increasing function of output. From the point of view of model-building, the decision on the optimal scale of plant would involve balancing increasing unit cost of labor against decreasing unit cost of capital as output increased. There could be longrun coexistence of large firms and small firms with the same unit costs, and such that capital-intensity was positively correlated with size.
However the question of technology choice which is to be embodied in long-lived capital seems most natural in the context of a new entrant -13-into the industry. In this context, it seems odd to think that the bigger the plant the entrepreneur wants to build, the lower the interest rate he has to pay. We argue below that it is more natural to think of each prospective entrant as facing a horizontal or, more likely, upward-sloping supply curve of capital but one which varies systematically across entrepreneurs. Then variation in technology choice and size of firm is correlated with the characteristics of entrepreneurs which affect their access to capital.
It was much more difficult to obtain reliable quantitative information from firms on their capital access than on labor use. Therefore the discussion below is based on qualitative evidence from the interviews and on information about interest rates and lending policies from secondary sources, including publications of the financial institutions themselves. 7
The capital market structure in Colombia is very imperfect. There is a major division in the market between the formal or institutional credit market, and the parallel or extrabank market. The formal market, composed of the usual financial intermediaries such as the commercial banks, savings and loan institutions, and development banks, is subject to extensive government control. There are portfolio requirements, which require that certain percentages of the reserves of financial institutions be held in the form of particular assets. Interest rates and terms of lending are controlled, at rates well below market-clearing rates. (Given the rate of inflation, at times the real interest rate has been negative).
lbere is extensive rationing. Interest rate policy is used as an instrument to channel funds into particular sectors; the rates and lending terms differ for different borrowers and different loan purposes. The stock market is underdeveloped and relatively few companies are listed.
---.: . ··-,:-_ .
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-14-An elaborate structure of control has existed for a long period, at least two decades. As a result, an extensive parallel mark.et has grown up, in which market forces set interest rates and the terms of lending. This market is not itself illegal, although some of the transactions in it are probably illegal, since they lend themselves to tax evasion. The market is well-organized; although it is called "extrabank" it does in fact make use of banking system instruments for collateral. The rates in the extrabank market are much higher than the controlled rates, and almost anyone can borrow at some interest rate. The higherrates reflect greater risk to some extent, but since overhead costs are low and the market is not illegal they primarily reflect market forces and the scarcity of capital in Colombi~, which is obscured by the artificially controlled rates in the institutional market.
The structure described means that each entrepreneur (or set of associates) considering a project has a capital access f\ll'lction which can be quite complicated, given rationing and different interest rates for different uses. Capital access does depend to some extent on the nature of the project the entrepreneur has in mind. Formal credit lines generally require the security of a machine or building and thus to some extent discriminate in favor of capital-intensity. Credit terms tend to be better for imported machinery than for domestic machinery, since the former comes from large international companies with favorable access to capital themselves, and the latter is generally made in small Colombian workshops, which have poor access to capital. Of course any lender will be interested in the ability of the borrower to repay the loan, which means that he is interested in the profitability of the project. Those at the top of the oligarchy are related to others at the top. They can raise share capital through the issue of public shares or through family connections. They have the proper credentials to obtain large amounts of credit easily at favorable rates through the commercial banking system.
The largest brick firm in the country which has the factory in category 1 is part of a large financial group which includes banking interests and two giant construction companies· The construction companies had extremely favorable access to capital during the period in which that factory was built, because of government policy favoring construction Entrepreneurs of middle class origin have the educational background to obtain loans from special government credit lines for small and medium size industry, at concessional rates. These credit lines have the express purpose of increasing access to credit for those who are at a disadvantage in the normal sources. But the credit requires the firm to provide detailed accounting data. This adds a substantial cost element for the smaller firms, which are usually operated by people with little education and no accounting ability. Therefore, there is a bottom group of entrepreneurs whose only practical credit access is the extrabank market, at very high interest rates.
These entrepreneurs do, however, have an asset which has a low opportunity cost, namely their own and their family members' labor. To the extent that a project is such that they can transform their labor directly into capital, they can bypass the capital market. This is particularly important, in the brick industry, in the case of category 8, in which the initial investment is low and a substantial fraction of it can be built with the entrepreneur's own labor.
The capital access function depends on characteristics of the entrepreneur for the above reasons, and also because the credit market's estimate of the profitability of the project will depend on characteristics of the entrepreneur. A higher level of education will be considered necessary for more complex projects. Equally important, given the extensive reliance in Colombia on quantity adjustments in markets and non-price allocation, the entrepreneur's "connections" will be important in determining the profitability of a project.
We hypothesize that this capital access schedule of each prospective industry entrant is a rising one, with the interest rate increasing with the at00unt of capital. This is not so much because individual credit sources raise their interest rates but because the entrepreneur reaches the limit of his ration for each source and has to turn to a higher cost source.
A SIMPLE MODEL
In this section we present a simple model of the relationship between the capital and labor market structure described above and technology choice.
Let the wage rate paid by the firm be In the case of a constant returns to scale production function, the average cost and marginal cost curves will still be upward-sloping for a given s, so that even with perfect competition, there will be an optimal size of firm. If there are increasing returns to scale, their effects will be blunted by the increase in per unit labor and capital costs at higher levels of output.
The assumptions made are not sufficient to imply that the capitallabor ratio will vary in a systematic way with the level of output for any given cost curve. Assume that the production function is homothetic (although it need not be constant returns to scale) so that there is no capital or labor-using bias in the production function itself as Q increases. The marginal cost of labor holding output constant is unchanged at w(Q 0 ), and the effect on labor costs of increasing output, holding employment constant, is now smaller given the smaller labor force.
Therefore, marginal cost has unambiguously decreased, and output will be -24-
The marginal cost of capital must be higher in the new equilibrium, and the proportional change in the wage actually paid must be less than or equal to the proportional change in the margi~l cost of capital actually faced. Although the capital mark.et structure described above could generate this outcome, observation suggests the large capital-intensive firms.do in fact have a lower marginal cost of capital than the smaller firms. The lender of last resort is the extrabank market. There is less use of this market by the firms in the aore capital-intensive categories and the extrabank market offers more favorable interest rates to the type of entrepreneur that has a higher s.
Given this observation, the model predicts the pattern we observe:
firms of varying sizes coexisting on a long term basis and such that size is positively correlated with capital-intensity.
VARIATIONS IN CAPITAL ACCESS OVER THE FIRM'S LIFETIME
Another way to model the assumption that large firms have better access to capital than small firms is to assume that all prospective entrants to the industry have the same initial capital access function but it shifts over the firm's lifetime. Once a firm is in existence, the availability of profits for reinvestment and the record of profitability established improve access to capital. Firms of different capital-intensities and sizes are observed because industry structure is a snapshot of a dynamic process. The entrepreneur entering the industry chooses an optimal growth path for the firm, not an optimal size. New firms are small and labor-intensive but they will grow up to be like the older, larger, capital-intensive firms.
. ., -.:.
•.. ,:-_ ~ To test this empirically, it would be useful to have information on the size and-category of each sample firm when established. It was difficult to obtain good historical information from the firms, particularly the older ones. We were able to obtain the age of the firm, the size of the labor force at the end of the first year of operation (but not capacity output) arid the ages of the lBB.jor items of capital equipment.
The data show that firms generally do grow over time. The change in the labor force is biased downward as an indicator of change in firm size, because of the slump in demand at the time of the survey; nevertheless, employment had increased for 36 of the firms and decreased for only 7 (unknown for 5 firms). Capital equipment had generally been added over time; for example, many firms had built additional kilns.
If the categories represent a growth path, then age of firm and current technology category (measured from most to least capital-intensive)
should be negatively correlated. The correlation between {current)
category and employment at the end of the first year of operation should be much weaker than the correlation between category and current employment.
The Kendall correlation coefficient between age of firm and category is -0.2240, with significance level .021 (47 firms). The more capitalintensive firms do tend to be older, but the correlation is not very strong.
The Kendall correlation coefficient between number of workers at the end of the first year and category is -0.3550, with significance level .001
(for the 42 firms for which data was available) • This is lower than the correlation between current employment and category (-0.5261), but still substantial. (The eleven which could not be given an initial category were the oldest firms in the sample, as one might expect; all date from 1957 or earlier). It is interesting to look at the subgroup of firms (24 firms; one-half of the sample) that were established during the construction boom in the early 70's. All of these firms are still in the same category they started in except the two firms that moved from category 4 to 3.
The distribution of firms by category in this subgroup is not that different from the distribution of firms in the sample as a whole.
-28- Since we have not discussed all the ways in which large capital intensive firms differ from small labor-intensive ones, discussion of policy implications mtSt be tentative. However, there is a prima facie case for thinking that the smaller, less capital-intensive firms are more socially efficient, given the unemployment of labor and the scarcity of investment funds in Colombia. In other words, the input market conditions these entrepreneurs face more accurately reflect social opportunity cost.
The features of the input markets described are long term structural elements; therefore, there is every reason to think that the pattern of technology choice will persist, unless these structural elements change.
To a considerable extent, these elements are the result of government policies which should be changed. Capital market reform:, in the form of the elimination of restrictions on interest rates and terms of lending, is particularly important. Even after such a reform, there would probably still be differences in capital access functions across prospective entrants into an industry, because of differential risk factors, but the difference would be narrower, and would more closely reflect real economic forces. Note *portions of this research were supported by the Agency for International Development and the Edna McConnell Clark Foundation. The collaboration of FICITEC (Fundacion para el Fomento de la Investigacion Cientifica y Technologies) of Bogot4, Colombia and the cooperation of brick industry manufacturers and consul tan ts were very important. The research assistance of Eleanor Sylvan and typing of Joann Young are gratefully acknowledged, as are the comments of Martin Baily and my colleagues at the Economic Growth Center. Of course, the responsibility for the views expressed in this paper is my own.
1 Since more capital-intensive categories tend to use more imported machinery, and historically, the Colombian exchange rate bas generally been overvalued, the use of social opportunity cost prices instead of Colombian peso prices would not change the order of the categories and would increase the dispersion of the capitalintensities.
2 Capacity output was defined as the value of output that the firm would be willing and able to produce, on a long term basis, with no more than a 5% additional expenditure on plant and equipment, and with as many additional workers as would be needed (assuming that they could be hired at the current wage rate, and that all output could be sold at current prices). Since the industry was experiencing an unanticipated slump, which was having uneven effects across the industry, it is felt that capacity output is the best measure of size of firm available.
3 Tbe data is for the year 1975 and was collected survey of a sample of brick firms conducted by FICITEC. of the data are available upon request to author.
in an interview Further details 4 rn the Colombian context, there is an advantage as well as a disadvantage to a high turnover. Since it is difficult to lay off or fire workers, once they have become permanent employees (after three months of employment) the firm does not have as much flexibility to vary its labor force in response to changes in demand as neoclassical theory would suggest. If there is a high voluntary turnover, the firm can contract its labor force more easily in periods of slack demand. Smaller firms may be more subject to such shifts in demand and this could explain a differential choice on their part of the low wage, high turnover option.
5 A potential exception iS the case of the the firms in categories 1 and 2 which have tunnel kilns and tunnel dryers. These processes normally require skilled labor to monitor and adjust the temperature settings. Although we have no survey data for Category 1, we know that this firm does have a 110re highly skilled labor force and a complex system of controls. The firm in category 2 has a production manager with an engineering degree, and is one of only a few such firas. However its production labor force is not any 110re skilled than that in the other categories, and the firm does not in fact adjust the kiln -31-and dryer controls in the manner necessary for maximum technical efficiency. In other words, it seems to have chosen a lower level of technical efficiency and a lower level of skill of the labor force.
6 For a discussion of labor unions in Colombia, see Urrutia (1969). 7 The most important sources used are given in the references.
